Abstract: Calculation of external costs in ports is often based on the estimation of necessary input values. Such approach leads to the large differences between results of different researchers and does not show exactly the share of the individual polluter. Internalization of external costs as a tool of current European Union transport policy requires accurate data in order to realize the principle "polluter pays". Authors emphasize three main guidelines: air pollutant emission as a source of pollution, fixed number of people as an exposure to pollution and a certain way of interpretation of results. The calculation is based on values of emissions from ships rather than on values measured in air. Parameters for calculation are previously known from the ship registers, spreadsheets, and public documents, and only the fuel consumption measurement is desirable. The concept avoids the uncertainties in research as much as possible, enables identification of polluter and its share in total pollution, and could make valuation procedure more precise and fair.
INTRODUCTION
The methodology of calculating external costs has always been an intriguing question. Differences in the results of calculation, which may be significant, depend on the choice of method, but also on the availability of data that is included in the calculation as well as on the estimation of relevance of available data, author's scientific attitude, and sometimes interests which author represents [1] [2] [3] [4] [5] [6] . The importance of external costs in the implementation of the European Union's transport policy [7] requires the calculation of external costs as objective and realistic as possible in order to be charged fairly and proportionately by those who are responsible for them. In this paper a concept of calculation based on exclusively measurable input values that could correspond to the mentioned criteria is proposed.
EXTERNAL COSTS
External costs are defined as those costs which arise when social or economic activities of one group of persons have an impact on another group and when that impact is not fully accounted, or compensated for, by the first group [1] . In the case of transport, external costs are costs to society and without policy intervention, are not taken into account by the transport users [8] . For instance, in the case of transport, these costs comprise the costs of air and noise pollution which the individual user will not take into account in deciding how many journeys to make [2] .
External Costs in the Transport Sector
The most important categories of external costs in ports are:
• environmental costs, • emergencies costs (accidents), • costs of congestion.
Environmental costs comprise air pollution costs, noise costs, costs of pollution on water and soil, climate change costs, costs of protected and urban areas, the impact of traffic capacities on environment and energy dependence costs. Air pollution cost is reflected in human health, damage to structures and materials, loss of crops and damage to forests and the impact on biodiversity and ecosystems. Noise is the next kind of cost, a product of negative effect of transportation. Its level of intensity and time of exposure can affect some degree of disturbance of the population and the physical and psychological effects on health. The costs caused by climate changes are related to additional protection of the sea due to rising sea levels (laws and conventions) and global warming. The cause of global warming is creating so-called greenhouse effect due to excessive carbon emissions. The cost of transport capacity relates to the environmental impact caused by manufacturing or construction, maintenance and disposition of transport and infrastructure capacities. Costs in urban areas are divided into effects of separation of certain types of traffic (e.g., pedestrian and motorized traffic), and the problem of the scarcity of available space and fees for insufficient space for the non-motorized area (e.g., bicycle). The costs of energy dependence are the result of unequal share of net imported energy and transportation options. In the case of accidents costs, the external part is connected with the part of costs that are not covered by risk-oriented insurance premiums, like material damages, administrative costs, medical costs, production losses and the so-called risk-value as a proxy to estimate pain, grief, and suffering in monetary values. The costs of congestion are reflected through an extension of time travel, lack of accurate assessment of traveling time, increased fuel consumption, increased emissions, increased infrastructure spending and means of transport, reducing of service levels, an increase of stress and accidents [9, 10] .
External Costs in Ports
Regarding port congestion, accidents, environmental and climate changes are considered costs. Congestion costs are considered a negligible component, due to overcapacity of existing port infrastructure with respect to the current demand. Regarding accident costs, fortunately rare, they need specific considerations. Marginal noise costs in ports are assumed to be negligible because most of the activities take place outside densely populated areas. Environmental impacts regard both air and water pollution. Regarding air impacts, ship emissions to atmosphere comprise ozone and aerosol precursors (NOx, CO, VOCs, SOx, etc.) and the emissions of greenhouse gasses (CO 2 ). The effects of these pollutants are well known [11] . SO 2 and NOx can become converted into sulfate and nitrate particles. Exposure to them is associated with increased mortality and morbidity. Shipping emissions in ports contribute notably to the formation of ground-level ozone, especially in the Mediterranean region, with effects on human health and crop yields. The deposition of sulfur and nitrogen contribute to exceedances of critical loads of acidity. Nitrogen oxides lead to eutrophication, which affects biodiversity, both on land and coastal waters. Finally, emissions from ships contribute to climate change [2] .
External costs in the port occur from ships, port equipment, port industry and rail and road transport. The variables that we encounter when calculating external costs are different with respect to their source. Regarding the damages coming from the port equipment as well as those relating to the port industry they are known and stable values that change only with the length of operating time. Regarding rail and road transport their contribution to the external costs is related to the time of departure and arrival and work mainly on standard vehicles with known characteristics. If we calculate their external cost, which is negligible in relation to the ships' one (we could instead imagine a train and a truck that are in operation 24 hours and calculate their external cost) then we will act according to the same principles as for the ships.
External costs coming from ships are difficult to calculate because there are multiple changeable variables due to different types of ships, engine, fuel, and sometimes unknown mechanical settings. The problem of calculating the external costs in port actually means to calculate the external costs of the ship in port.
Transportation external costs in port are estimated by two main approaches, i.e. the bottom-up and top-down, with their own advantages and weaknesses. The top-down approach is more suitable for calculating average costs, but the extraction of marginal costs is rather difficult. This approach is more representative on a general level and it provides a comparison between modes of transport. On the other hand, the cost function has to be simplified and cost allocation to specific traffic situations and the differentiation for vehicle categories is rather aggregated. When dealing with marginal cost valuation, the more suitable is a bottom-up approach. It is more accurate with potential for differentiation, but costly and difficult to aggregate to get average figures for transport clusters or national averages. In practice, a mixture of bottom-up and top-down approaches (with representative data) should be combined [2] . When speaking about the calculation of external costs of emission impacts in the ports, the greater amount of uncertainty is found. It can be confirmed by the two alternative ways for calculating impacts. The first methodology relies on the CAFE/ExternE approach, which constitutes the most comprehensive and reliable work on this matter. Exposure-response functions (FER) are applied on the observed concentration levels that are attributable to ships, multiplied per the relevant population exposed. On the other hand, the second methodology follows the line suggested by [12] . It is based on risk-response functions (RR) that measure the increase of probability of an event following a 10 μg/m3 increase in the 83 concentration levels above the threshold that can be considered as "normal".
The huge discrepancies in results suggest that a high level of uncertainty is present, and the estimates in these two approaches need to be considered with some caution (Tab. 1.). 
ANALYSIS OF UNCERTAINTIES
In order to make the input values more stable for calculation of external cost in ports, the analysis should identify the uncertainties on the side of the source of pollution and on the side of the exposure to pollution as well as to the internalization procedures.
Uncertain Sources
Studies on environmental impacts from maritime transport activities are focused mainly on air emissions due to the lack of accurate measurement of other impacts. Air pollution is the best measurable part of environmental impacts that we can scientifically validate. But it is also marked with uncertainties (wind direction and speed, air temperature and pressure, etc.) which have an effect on air pollution levels. So, it is hard to determine the amount and the source of pollution, whether its origin is inside or outside of the port, what are the real values of the pollutant that make damage and external costs and who is responsible for them. It is recognized that ozone is the main pollutant having effects on agriculture and horticulture sectors [13] . As for health impacts, this method is valid for all activities entailing air pollution, not only maritime transport. The other environmental impacts like noise, water pollution, waste, erosion, loss of biodiversity, etc. participate with a lower percent of the total external costs in the ports than air pollution [2] . Noise damage is hard to measure [14] and it is negligible compared to the total damage. In general, there is no detailed information on emissions in water. Contrary to the air emissions, it is difficult to calculate emission factors in water as well as its source. Even more difficult is to estimate the generation of waste from the ships in ports, erosion and loss of biodiversity. The damage is based on assumption that the values are not representative and objective, due to the inability of accurate measuring.
The concept of the approach is based on the values of emissions from the ship rather than the values measured in the air. With this methodology, results would be more reliable, the emission of harmful gas determined for each ship so, a percentage of the total damages relating to one particular ship can be provided. There is the intention of less estimation and more measurement in the calculation of external costs.
Uncertain Exposure
Emission of the toxic air pollutants threatens people, nature and other resources essential to maintaining normal activities and life. Urban and industrial pieces of city centers have grown around the ports. As the values of pollutants are quite indefinite and depend on various influences on their sources so the degree of exposure is also changeable and unsure. The degree of exposure varies considerably with respect to land transport and depends on ports distance from city center [2] .
In this concept, due to their constant migration (students, tourists, etc.), fixed number of the exposed population (e.g. according to the last census) has been taken for stable calculation of the total external costs. It is essential to measure the whole population because determining the exact number of people who are exposed to the emission from sources that interest us is not accurate, relevant and scientifically valuable. The lifestyle, type of work, apartment location, previous diseases and finally the impact of weather forced us to consider that only the total population corroborates the scientific approach to solving this problem. The results are reliable, representative and, although not quite accurate, they are comparable to the other ports and regions.
Weaknesses of Internalization Procedures
It is naive to assume that there is a single policy capable of fixing internalization of external costs since the complexity of the real world cannot be captured fully by elementary economic theory [15] . The projects like ExternE, performs a valuable function in showing concretely what is meant by external cost, and the importance of internalizing such costs in the pricing system [16] , or like the Clean Air for Europe (CAFÉ) program [17] , which is the most up-to-date and comprehensive study of health impacts. Regarding the monetization of the effects of air pollution on crop yields, a damage cost approach is chosen. Once the effects of ozone on these are isolated, one can consider the value of the lost produce to infer the economic damages entailed by pollution [2] . Except the size of the damage we cannot determine who is responsible for the damage and who will pay the cost. This is the consequence of calculation with variables mixed from different sources. By their very nature, however, the estimates will always include degrees of uncertainty, and this will be a barrier to their use. The ExternE project has performed a valuable function in showing concretely what is meant by external cost, and the importance of internalizing such costs in the pricing system. In addition, its technical nature (and, thus, the difficulties of understanding the information) and disagreements associated with methodological issues will continue to limit the ExternE's use [16] . Citing the papers by [4] and [5] [6] .
The concept accepts existing methods for valuing the damages in internalization procedure because better methods do not exist. However, there is an intention to influence the input values to become as more scientific as they can. This is the reason why input values should be cleaned by the exclusion of all uncertainties.
Input Values Quality
Existing concepts of external cost calculation of their environmental impacts are mainly based on measuring real values of different pollutants in order to estimate the real cost of damage. Enormous complexity and variety of internalization measures currently in place make it impossible to give a detailed account of each and every one of them [18] . There is a real need for internalization of external costs and there are efforts to calculate them exactly and fair. In these efforts, the calculation is made with uncertain, variable and unsafe input values suggesting an unscientific approach. This uncertainty does not take place only in attempts to the valuation of natural damages, as we could expect, despite the development of more and more sensitive methods for it (ExternE/CAFÉ, Martuzzi) [2] . They are also in the scientific values measured by instruments as always when we calculate with many changeable variables at the same time and when they can affect each other. Some damages like erosion, loss of biodiversity and climate changes need a long time to become visible and there is not a unique instrument to measure them. Such input values are unstable and they are not suitable for the scientific approach. The results are not comparable among different investigations even in the same case, consequently neither outside of it.
There is a question what we can do to resolve the problem or how to convert unstable input values into stable? We try to calculate the real cost of damage. Do we get it after internalization procedure? It is much better to talk about the estimated costs. It means that we do not manipulate with the real costs at all, but we try to get closer to them as much as possible. If we temporarily give up the existing internalization procedure of external costs, let's assume we do not need to know the "real" cost of damage, which would not be exactly known even with the standard procedure as already mentioned. We can manipulate only with the measurable input values that come from a unique source, that affect the unique target and that it can present high percent of total damages, enough to be reliable indicators. We calculate only measured damage, not real damage. Such values are stable and more reliable and suitable for monetization procedure. The final results are probably lower than they really are but if necessary, they can be increased by the appropriate percentage, the part which is not represented by chosen indicator. Although the results after internalization procedures are not real in their absolute numbers the shares or the percentages of every impact are real, reliable and preserved. Regardless of it, the results of every further such investigation show the direction if the damage is higher or lower as well as the level of successfulness after taken actions.
ELABORATION OF THE CONCEPT
The concept presumes the intervention on three points: air pollutant emission as a source, fixed number of exposed people as an exposure and a certain way of presentation and interpretation of results.
Air Pollutant Emission versus Air Pollution
Air pollution participates with the highest percentage of external costs of transport. Author [18] found its participation of 48.1% (782/1625 mil€) as the highest among environmental impacts in Europe, but if climate change is excluded (the impact is global, the damage does not attack only one country, it is our common cost, it is much more variable) then air pollution participated with 70.5% (782/1109 mil€). Author [19] noted the damage of 69.8% of air pollution in ports in the EU (39830 mil€) and 70.5% in the world (183721 mil€) including costs of climate damage. It is also the damage which is easy measured unlike the measurement of water and soil pollution (0.22-0.25% of share), erosion, loss of biodiversity and climate (20-30% of share). Noise has an impact on residential property values [20] and on the quality of life, but generally, the damage has a local character and it participates with a low percent of the total damage. It seems that air pollution is the best scientific indicator of all environmental impacts in the ports. The sources of air pollution in the ports are different. They come from ships, port services, port industry and rail and road traffic. When we measure the pollutants in the air we do not know how many pollutants come from each particular source in ports and how many belong to the basal levels coming from traffic and industry outside the port. Uncertainties about impact estimates (and consequently about external cost valuation) derive from uncertainties related to the slope of the "dose-response" function and the contribution to ambient concentration of a given pollutant emission. So, we want to calculate only air pollution coming from the port to estimate the damage and the external cost. But it cannot be calculated measuring the levels of pollutants in the air. It could be made by measuring air pollutant emission from every pollutant source in the port. That procedure would be expensive and actually unnecessary knowing that the pollution always comes from the combustion of mineral fuel [2] .
Type of Fuel Oil
The most important types of fuel oil are shown in Tab. 2. If we know the type of oil, we also know the amounts of pollutants that are released by combustion per unit of the fuel in the control area [22] . There are some useful formulas for it as well as the spread sheets with necessary data. SO 2 emission is proportional to the fuel oil consumption and the content of sulfur in the oil by the following theoretical fuel specific emission rate equation:
in kg SO 2 per ton of fuel oil where S is the percentage mass sulfur content in the fuel [23] . The emission of CO 2 is proportional to the fuel oil consumption by the following fuel specific emission rates shown in Tab. 3. [24] . 
where S is the sulfur content in %.
The fuel specific NOx emission rate for diesel engines depends on different factors of which one is the engine type. Another factor is the fuel type, as example shift from oil to gas. Slow speed engines have generally higher NOx emissions compared with medium speed engines [25] .
Fuel consumption
The fuel consumption is the second value, which is necessary for calculation. Generally, information about the type and power of the main and auxiliary engine in ships and other equipment in port is available. The oil consumption corresponds to fuels with the specified calorific value of 42.7 MJ/kg corresponding to marine diesel oil or gas oil (MDO and MGO). It also depends on the type of engine (Tab. 4.). If heavy fuel oil (HFO) with a calorific value of 40.5 MJ/kg is used, the values are 5.7% higher (42.7/40.5). For a de-rated engine, they are approximately 4 % lower [28] .
If there is a need for more independent selection data, the specific oil consumption (SFOC) is used as the selection criteria. The value of SFOC for the new data could be calculated in most cases. To verify the value of the SFOC only the data from the first auxiliary engine (AE) was considered. All values between 0.15 and 0.45 kg/kWh were thought to be within an acceptable range [26] . The pollutant emission correlates with the type of engine and type of oil producing certain values of each pollutant factor as it is shown in Tab. 5. There are known data about engine fuel consumption per kWh as well as about the amount of pollutants released per ton for certain type of fuel [2] . The emission factors for auxiliary engines during transit, maneuvering and hoteling depending on the type of fuel used are shown in Tab. 6. [27] . The whole fuel consumption in the port per unit time is the best value for calculation. Daily or monthly fuel consumption of port services and industry are also known, but the same information for ships, trucks and trains is not always available. Total fuel consumption at berth should be measured on arrival and departure.
Concept of the Calculation
Depending on the type of collected data, we probably need the third value, the uptime of the engine. The uptime of ship's auxiliary engine is the time while in port.
Finally, we take into account the values of air pollutant emission in the port as a result of whole fuel consumption, assuming that the whole amounts of pollutant really make damages and there are not losses or dilutions. Although not quite accurate, the input values are scientifically determined. They are stable, verifiable, reproducible and without uncertainty.
We have now the formula for the amount of air pollutant emission in the port (APE in kg):
where tFC reflects the total fuel consumption while in port (ton) and bEF reflects basic emission factor (kg/t) from Tab. 5. We have also several auxiliary formulas when we do not know the fuel consumption (FC):
where P ax reflects the auxiliary engine power (kW), EF ax reflects auxiliary engine emission factor (g/kWh) (Tab. 6) and t reflects uptime (h) or
where SFOC reflects specific fuel oil consumption (kg/kWh) or , tFC aFC t = ×
where aFC reflects average fuel consumption per hour for a certain engine (kg/h). When the important facts remain unknown, when the measurement is impossible, there are also other useful tables by which the estimation can be easier. If we calculate the fuel consumption as a function of total deadweight tonnage, then it is known in the database of each vessel. The estimation of the main engine horsepower for different vessels is assumed to follow the equations based on Tab. 7. [28] . The load factors for auxiliary engines in maneuvering and hoteling (berthing) modes are based on [29] and [30] reports and it is shown in Tab. 8. There is also available information for the ratio by which we can estimate the power of the auxiliary engine [22] (Tab. 9).
All these data are as useful as they lead to escape from a scientific approach to uncertainty. The estimation can never replace the measurement. There is a particular danger, when existing estimation derives from the fact which has already been determined by estimation. The most important measurement which should be done is the sounding of the ship fuel tanks just after arrival and just before departure. Every effort of a certain ship to reduce emissions should be noted and calculated no matter how much it is effective. These efforts are very useful in comparative studies on external costs calculation.
Preparation of Results for Internalization Procedure
The internalization procedure programs require input values shaped as concentrations. The concept manipulates with results as amounts. These amounts are dispersed in the surrounding region. The borders are spread horizontally to the border of the region where the exposed people who were taken into account live (f.e. borders of the town). The vertical border is determined after agreement how big tropospheric part of air affects human health. It is not important for the concept of the exact height of the column of air if it is 3, 5, or 10 km above the earth until we do not calculate with absolute values in the internalization procedure. It is important that it is always the same to enable us to compare the results. Now, we have all parameters needed to calculate the volume of polluted air and the concentrations of pollutants in that air from their known quantities already. If we want to calculate with absolute values and real costs then we can use sophisticated MM5/SMOKE/CMAQ programs with their advantages and disadvantages [31, 32] .
All People versus Exposed People
The environment exposed to the influence of pollutants and the damages, which should be valued and transformed into the monetary form, are also full of uncertainties which need to be cleaned up in another approach. There is the same principle as it has been described for input values: we need a unique target, easily measurable, unchangeable and representative. Among many targets, the number of exposed people is the best. The port is often situated in the center of town, which grows around it. Regardless of different risks for people in a town with regard to where, when, how much and who is exposed to the pollutants we should count that all of them are exposed, all of them are affected equally, by the same dose of pollutants and during the same time. We are aware of the deviations of such results, but the calculation with more variables, especially in the field of environmental destruction and climate changes brings much more uncertainty so, the comparable concept seems more useful. The data are used from the last census. It is not performed frequently (maybe every ten years) so there are enough opportunities to get comparable papers. The damages in the industry and nature are excluded because the measurement is difficult, indirect and unsure.
Presentation and Interpretation of Results
The comparability of results is the most important contribution of the concept. Although it does not manipulate with absolute values, after the procedure performed to reduce emissions, it can show the direction if the pollution is higher or lower in comparative studies. It can also compare external costs between two or more ports after same or different such procedures bringing valuable experience. To make the results comparable the external cost should be always presented per unit as it is presented in Table 10 . It should also calculate the external cost per inhabitant.
The last column shows that total external cost is four times higher than the port revenue. It shows how far we are from the sustainability and how much work there is in the future. Presenting the results in such format, we enable easy comparison with the results of any next investigation and determine the real direction of sustainable development. According to the concept mentioned above the results have relative significance and do not present the real damage. Consequently, when valuated, they do not show the real external costs. The input values of ship emissions are oversized as they are toxic in their full amount. The number of exposed people is also oversized as they are all affected. So, the absolute value of air pollution damage is presented as a higher percentage of total damage than it really exists, but some other damage has been excluded at the same time. However, the results are representative knowing that air pollution, among other environmental impacts, participates with around 50% of the total damage. The water, soil and noise pollution, erosion and loss of biodiversity participate all together with less than 10% and measurement of them is difficult and based on estimation [18] . The rest belongs to climate changes, which are the most difficult to estimate and have a global character so, the damage is not located in the local area, and cannot be charged only by the local port. Under these circumstances, the importance of results is greater. The damage on agricultural products and forests is not calculated (and it is much more difficult) and neither are the impacts of accidents and congestion (that are negligible in ports) but the damage on people is oversized. The emissions from industry and rail and road traffic should be added under the same principle. So, the results of air pollution damage would have to be inside their average percentages. Even if not, there is a guiding principle that the fair payment of external costs is based on measurable impacts of damage and the ship air pollutant emissions in the ports are the best measures for it.
CONCLUSIONS
There are several approaches for calculation of external costs in the ports. They are too much based on estimation at both ends of calculation and are hardly comparable. Their input values are the real values, but they cannot be exactly divided among their sources.
Using the values of emissions from the ships instead the values measured in the air, the input values in external cost internalization procedure would be more scientific. It enables simple calculation of the part how much certain ship call contributes to total external costs in the port.
Using the fixed number of exposed people and fixed borders of affected area, and presenting the results per unit they become comparable with the results of the next or any other investigation. The success of any action taken in order to reduce external costs in this way can be objectively assessed regardless of local conditions and specifics.
This approach allows insight into how many of external costs belong to each source of pollution and so the principle that the damage is paid by the one who did it can be applied.
The parameters for calculation are previously known from the ship's registration data as well as from the tables with calculated data on emissions dependent on the fuel oil and engine types. The uptime is available at port authority and the fuel consumption measure is desirable.
The concept does not calculate with absolute values, it counts only the participation of impacts as well as the up and down movement of the costs in comparative studies. It is the consequence of strictly scientific approach and avoidance of uncertainties as much as possible. The valuation procedure with such prepared input values would be more useful and fair.
